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HOW MUCH DO WEEDS IMPACT CROP YIELDS? 
Bob Hartzler 
Assoc. Professor- Weed Science Extension 
Department of Agronomy 
Iowa State University 
Introduction 
The primary purpose for controlling weeds in field crops is to prevent or reduce yield losses 
associated with competition between weeds and the crop. Competition occurs when plants seek 
the same resource (light, water, etc.) that is available in limited supplies. The interaction between 
crops and weeds is complicated and impacted by many factors, including characteristics of the 
weed species, weed populations, timing of weed emergence, characteristics ofthe crop 
variety/hybrid, crop population and row spacing, and the environment. This complexity limits our 
ability to predict yield losses early in the growing season, therefore hindering the development of 
economic thresholds for weed. This paper will discuss two important factors influencing 
competition: 1) relative competitiveness of different weeds, and 2) the critical periods of 
competition. More information on this topic is available in ISU Extension bulletin IPM-35, Crop-
Weed Interactions. 
Relative Competitiveness of Weeds 
Weed species vary widely in their competitiveness. A successful competitor must be efficient at 
capturing or using limited resources. Plant characteristics that impart these traits vary depending 
upon the resource being sought. Plant species that develop an extensive root system early in the 
growing season would be expected to compete effectively for nutrients and water. Leaf and plant 
height characteristics determine the competitiveness of a species for light. Giant ragweed would 
compete more effectively for light with soybeans than waterhemp because of its large foliar 
canopy. 
A system developed at the University ofNorth Carolina, and modified for Nebraska conditions 
by the University ofNebraska, provides a simple means of comparing the competitiveness of 
different weed species. The system is based on the competitive index (CI), which is a description 
of the relative competitiveness of a species. The CI is based on the relative competitiveness of a 
species in relation to sunflower. For example, the CI's of sunflower and waterhemp are 10 and 4, 
respectively (Table 1). This means that it would take four waterhemp plants to cause the same 
yield loss as a single cocklebur plant. 
Table 1. Competitive index (CI) of common weeds ofNebraska. 
Species 
Black nightshade 
Cocklebur 
Kochia 
Lambsquarter 
Pigweed 
Ragweed 
Smartweed 
Sunflower 
CI 
3.5 
5.5 
2.5 
1.5 
2.5 
4.5 
1.5 
10.0 
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Species 
Velvetleaf 
Waterhemp 
Barnyardgrass 
Crabgrass 
Fall panicum 
Foxtail 
Sandbur 
Shattercane 
CI 
4.2 
2.5 
0.3 
0.5 
0.4 
1.0 
0.4 
3.5 
Competitive load is a term used to describe the total competitive effect of a weed population and 
is a summation of the number of individual weeds multiplied by the CI of each. If there are five 
individuals of species A (CI of2.0) and 2 individuals of species B (CI of5 .0) per 100 ft2, the 
competitive load is : A (5 * 2.0) + B (2 * 5.0) = 20. Crop yield reductions due to weed 
competition are directly related to the competitive load. Crops vary in their competitiveness, thus 
a specific competitive load may cause a larger yield reduction in one crop than another (Table 2). 
These values were developed for Nebraska environmental conditions and may vary in Iowa. 
Table 2. Competitive load required for a 
5'X . ld d f o }'le re uc 10n 
Crop Competitive load per 100 ft2 
Com 36 
Soybean 10 
Sugarbeet 5 
Wheat 50 
Source: A 1997 guide for herbicide use in Nebraska. 1997. University ofNebraska Cooperative 
Extension EC 97-130-D 
Not all weeds are strong competitors . At low to moderate populations non-competitive weed 
species have little impact on crop yields . Black nightshade is an example of a weed that does not 
cause large yield losses, yet can have a significant impact on crop production. 
Critical Periods of Competition 
The length of time that weeds coexist with the crop dramatically impacts the yield loss associated 
with competition. The critical period is defined as the maximum period weeds can be tolerated 
without affecting final crop yields. Weed management is complicated by the fact of having two 
critical periods that need to be addressed. The first critical period involves weeds that emerge at 
the same time as the crop and defines how long these weeds may be allowed to grow before crop 
yields begin to be affected. This period is referred to as early-season competition. Under most 
situations, crop yields will not be influenced by early-season competition when weeds are 
controlled within four weeks of planting. This window of opportunity may be shortened under 
conditions of dense weed populations, highly competitive weed species, or limited resources. 
Com is more sensitive to early-season competition than soybeans. 
The competitiveness of weeds that become established following crop emergence is greatly 
reduced due to the head start provided the crop. The second critical period defines the time 
period between crop and weed emergence required to prevent late-emerging weeds from affecting 
yields. In most studies, yield losses decline rapidly when weed emergence is delayed for at least 
three weeks after planting. Again, the critical period varies depending upon weed species, 
population, crop row spacing, environment and many other factors . 
Understanding the critical period of competition is especially important when relying on total 
postemergence programs. Since most fields are infested with a variety of weeds, some that 
emerge early while others emerge late, there typically are emergence events throughout the first 
two months after planting. In many fields it may be impossible to eliminate yield losses from 
both early and late emerging weeds with a single application. Delaying application to prevent 
problems from late-emerging weeds may result in early-season competition losses, whereas 
controlling weeds early may result in late-emerging weeds reducing yields. 
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Researchers in North Carolina evaluated critical periods of competition between common 
ragweed and soybeans. Evaluating yield losses associated with the early and late season weeds 
illustrates the difficulty in managing weeds with single postemergence treatments. Common 
ragweed that emerged at the same time as the soybeans was allowed to compete for 2, 4, 6 or 8 
weeks after soybean emergence (W AE) to determine the impact of early-season competition on 
soybean yields. A second series of studies evaluated the impact of ragweed that emerged 2, 4, 6 
or 8 W AE on soybean yields. The experiment was conducted during two growing seasons at two 
locations, providing four sets of competition data. 
The impact of early and late season competition is shown in Figures lA and lB. Averaged over 
the four experiments, common ragweed competing with soybeans for the first two W AE did not 
impact yields; however, losses of 3 and 6% occurred if ragweed was left to compete four or six 
weeks, respectively (Figure lA). Ragweed that emerged six W AE or later did not reduce 
soybean yields (Figure lB) . Ragweed emerging two WAE reduced yields 17%, whereas weeds 
emerging four W AE reduced yields 1%. Ragweed allowed to grow the entire growing season 
reduced yields 62%. 
Figure 1. Impact of duration of competion and ragweed emergence timing on yield losses associated with 
competition between soybean and common ragweed. 
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Figure 1 C shows the combined impact of early and late emerging weeds on soybean yields. This 
graph is based on the assumption that ragweed emerged continuously throughout the season and 
that the ragweed was controlled at different timings after soybean emergence. Under the 
conditions of these experiments, it was impossible to eliminate yield losses with a single weed 
control strategy. If weeds were controlled early (less than 4 W AE), late emerging weeds 
impacted yields. If application was delayed to prevent problems with late emerging weeds, early 
season competition impacted yields. 
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As stated earlier, the critical period of competition varies depending upon specific conditions 
encountered in the field . Evaluating the individual experiments in this research provides some 
estimate ofthe risk associated with single-pass postemergence strategies (Table 1). The 
percentage of the four experiments in which the different control timings resulted in significant 
yield losses and the maximum yield loss associated with the different timings is provided. 
T bl 1 Ri k d 'th . 1 a e s s associate wt smg e-pass postemergence programs. 
Time of ragweed % of sites with Maximum yield loss 
removal (W AE) soybean yield loss observed (%) 
2 75 90 
4 50 24 
6 50 17 
8 75 38 
Coble et al. 1981. Weed Set. 29:339-342. 
Applications made either four or six WAE prevented yield losses 50% of the time, whereas yield 
losses occurred in three out of four experiments with the earlier or later application dates. 
Maximum yield losses in individual experiments ranged from 17 to 90%, depending upon 
application timing. This research indicates that weed losses can be eliminated with a single 
postemergence application; however, under certain conditions there can be a large penalty for this 
weed management approach. For example, a single application four weeks after soybean 
emergence prevented yield losses in two ofthe four experiments; however, a yield loss of24% 
occurred in one ofthe experiments with this application timing. 
Conclusions 
Effective weed control is a critical component of profitable crop production. Developing realistic 
goals for weed management is an important step for a producer. The objective of a weed 
management program should be to obtain a level of control that protects crops from economic 
yield losses and other costs associated with weeds. Due to early-season competition, a clean field 
at harvest does not necessarily mean that weed-related yield losses were avoided in the field. 
Critical periods of competition need to be considered when managing weeds to develop efficient 
weed management programs. 
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THE 1997 GROWING SEASON: SIMILAR BUT DIFFERENT 
Dale E. Farnham 
Assistant Professor/Extension Agronomist 
Department of Agronomy 
Iowa State University 
Introduction 
A frequently asked question throughout the growing season is "how does this season compare to past 
seasons?" Historical data does help us draw some conclusions, and, in a sense, history does tend to 
repeat itself. But every growing season is unique in its own way and the 1997 growing season is a good 
example ofbeing "similar but different." 
The October Crop Report estimated Iowa corn and soybean yields at 140 and 48 bu/ac, respectively. For 
corn, this represents a two-bushel increase over lasts year's state average yield of 138 bu/ac. One can 
expect these numbers to be adjusted somewhat by subsequent reports. The yield relationship between 
corn and soybean varies between regions and is a reflection of the variation in growing season in the 
different parts of the state. 
Yield estimates, as of October 10, are presented by Crop Reporting District in Table 1. Yield variability 
is the result of many factors. The major negative factors in 1997 were cool temperatures, late frost, 
inadequate rain, warm temperatures, corn borers, weeds, stalk rots, high winds, etc. The importance of 
each varied greatly depending on region of the state. 
Table 1. Iowa corn yield in bushels per acre based on October 10, 1997 estimates (USDA-NASS). 
District 
Northwest (NW) 
North Central (NC) 
Northeast (NE) 
West Central (WC) 
Central (C) 
East Central (EC) 
Southwest (SW) 
South Central (SC) 
Southeast (SE) 
STATE 
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Yield Per Acre (bushels) 
143 
145 
144 
132 
147 
138 
126 
122 
142 
140 
Early Season 
Subsoil moisture reserves were adequate for much of the state going into the planting season. As we will 
see later, subsoil moisture will serve as a key factor in carrying the corn crop through the pollination 
period and into early grain fill. Cool temperatures prevailed over much of the state through the early part 
of the growing season. Tables 2 and 3 provide rainfall and growing degree information. 
Table 2. 1997 Iowa regional crop season precipitation in inches from April 1 to date indicated 
{cumulated and de_Qarture from average}.* 
District May 4 June 1 July 6 August 3 Se_Qtember 7 October 12 
NW 3.3/0.2 5.8/-0.5 9.2/-2 .0 12.4/-2.0 14.9/-3 .8 18.3/-3.7 
NC 3.6/-0 .1 6.0/-1.2 11.5/-1.0 14.8/-1.5 17.2/-3.8 21.5/-3.2 
NE 3.5/-0.4 5.8/-1.6 11 .6/-0.8 15.3/-0.9 19.6/-1.4 24.9/-0 .1 
we 4.8/1.3 6.9/-0.4 11.3/-1.1 13.3/-2.3 16.6/-3 .3 20.4/-3 .2 
c 4.2/0.4 6.5/-1.1 12.0/- 1.1 14.0/-2.8 17.11-4.3 21.8/-3.4 
EC 3.3/-0.7 6.9/-0.6 11.1/-1.6 13 .0/-3.4 18.0/-3.4 21.7/-3.6 
SW 5.5/1.7 8.2/0.4 12.8/-0.3 14.9/-2.1 18.8/-3.0 22.6/-3.4 
sc 5.3/1.2 8.5/0.6 11.8/-1.3 13.9/-3.1 17.6/-4.2 23.0/-3.3 
SE 3.9/-0.3 7.4/-0.5 11.4/-1.2 13.4/-3.2 18.2/-3.0 22. 11-3 .8 
*Adapted from Iowa Agricultural Statistics Reports. 
Table 3. 1997 growing degree days from May 1 to dates indicated (cumulated and departure from 
avera e .* 
District June 1 July 6 August 3 Se_Qtember 7 October 12 
NW 277/-82 953/-105 1629/-103 2259/-162 2771/-7 
NC 280/-69 977/-53 1628/-42 2233/-93 2744/73 
NE 262/-86 931 /-88 1565/-93 2163/-165 2669/-13 
we 293/-97 1009/-129 1715/-126 2400/-178 2952/-25 
c 275/-105 986/-123 1668/-127 2336/-173 2886/-13 
EC 279/-96 988/-112 1654/-125 2318/-177 2871/-21 
sw 308/-103 1056/-142 17911-148 2533/-199 3116/-53 
sc 297/-114 10411-157 1762/-182 2497/-239 3086/-86 
SE 315/-104 1066/-144 1774/-171 2505/-226 3103/-78 
*Adapted from Iowa Agricultural Statistics Reports. 
Temperatures in April were seasonal to start, but cool temperatures with light precipitation soon 
dominated through the remainder of the month. Soil temperatures during the first week of April briefly 
rose to the upper forties and low fifties before plummeting back into the thirties by mid-month. This 
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delayed fieldwork progress until later in the month. Com planting got underway in central and southern 
Iowa about mid-April (Table 4). Initial com planting progress was slow; however, by the end of April 
the planting progress was running well ahead of normal. Soil temperatures lingered in the upper 40s with 
a few reports of low 50s in the southern part of the state. 
Table 4. 1997 Iowa com planting progress by week for various crop reporting districts.* 
Percent of com planted bv 
District Apri127 May4 May 11 
NW 2 52 89 
NC 6 76 84 
NE 3 43 68 
we 1 34 77 
c 10 82 91 
EC 7 57 80 
sw 2 21 71 
sc 1 21 35 
SE 6 62 74 
State** 4/15 53/33 78/58 
*Adapted from Iowa Agricultural Statistics Reports. 
**Percent complete 1997 /percent complete 1992-96 average. 
May 18 
99 
93 
93 
94 
97 
95 
93 
74 
94 
94/73 
May 25 
99 
99 
98 
99 
100 
99 
98 
95 
99 
99/87 
Early May began with some heavy rains across much of the state that slowed fieldwork and caused some 
anxieties among farmers. Memories of the 1995 and 1996 planting seasons were too fresh in many 
farmers' minds to allow any available planting window to pass by. Without doubt, some planting 
progressed when seedbed conditions were less than optimum. Warmer temperatures returned by mid-
month and com planting progressed well ahead of normal with over 90% of the com acres planted by 
May 20 (Table 4). The latter half of May brought a mixed bag of temperature extremes across the state. 
A late freeze was recorded on May 15 and 16, followed by temperatures in the 90s on May 17 and 18. 
Frost damage on early emerging com and soybean plants was minimal. 
The cool conditions continued through the remainder of May and into June and the repercussions were 
evident in the early growth and development of com plants. Many fields exhibited uneven emergence 
and growth accompanied by a general lack of vigor in the com plants. In many cases, this unevenness 
was attributed to less than optimum seeding depth, which had an affect on nodal root development. This 
lack of nodal root development affected general nutrition of the plants as well as their overall stability. 
Reports of "purple com leaves" were abundant, also. This, also, results from cool temperatures and slow 
root development. Warmer weather finally arrived by mid-June and com plants responded favorably. By 
the end of June, the USDA had reported that 80% of the Iowa com crop rated in the "good" and 
"excellent" categories. This compared to 79% for Illinois, 62% for Indiana, and 57% for Minnesota. 
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Mid-Season 
The warm and moist conditions of late June came to an abrupt end with the coming of July. Early July 
was quite cool and dry, averaging four to seven degrees below normal for most of the state. Warm 
temperatures and adequate precipitation are necessary to carry the corn crop through pollination. By 
mid-month, temperatures had warmed again; however, spotty rains left many areas of the state with less 
than optimum topsoil moisture conditions as pollination began. Rainfall was less than half of normal and 
in many areas, the combined effects of warm temperatures and low rainfall resulted in crops exhibiting 
some degree of heat stress. Here is where the subsoil moisture reserves from earlier in the season proved 
invaluable. 
Silking pace by districts is presented in Table 5. Silking progress started at a slightly behind normal pace, 
but the warmer temperatures of late July helped speed the pace. Overall, silking progressed well ahead of 
normal with 70% of the state corn crop silked by July 27. Delays were most serious in the late planted 
corn, as one would expect. Note Table 6 for a comparison of silking dates for the past five years. From 
early August on, rains were very sporadic. Many areas had not received significant amounts of moisture 
in over six weeks. Some areas, especially in the northeast, did pretty well, but lack of rain in the south 
and east limited yields in many areas. The warm temperatures combined with the lack of moisture in 
most areas accelerated crop maturity. Even though accumulated heat units across the state were less than 
normal, crop maturity progressed ahead of normal. This is an obvious indication of the stress that the 
crop was experiencing. By the end of July, the USDA still rated 80% of the Iowa corn crop in the "good" 
and "excellent" categories. By the end of August, however, this value had deteriorated considerably, 
totaling only 66% good and excellent compared to 48% for Illinois, 54% for Indiana, and 77% for 
Minnesota. Second generation European corn borer made its presence known during this phase of the 
growing season, also. 
Table 5. 1997 corn silking progress by week for various crop reporting districts.* 
Percent of corn silked by 
District July 20 July 27 
NW 10 55 
NC 3 69 
NE 2 51 
we 9 72 
c 20 89 
EC 14 58 
sw 16 81 
sc 11 48 
SE 15 87 
State** 11120 70/48 
*Adapted from Iowa Agricultural Statistics Reports. 
**Percent complete 1997/percent complete 1992-96 average. 
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August 3 
93 
89 
93 
95 
97 
79 
96 
85 
96 
92/73 
August 10 
99 
98 
98 
99 
100 
98 
99 
94 
100 
99/88 
Table 6. A comparison of 1993 through 1997 silking pace of the Iowa corn crop.* 
Silked by 1993 1994 1995 1996 1997 
July 10 10 
July 17 52 
July 20-24 6 82 14 4 11 
July 27-31 24 98 60 42 70 
August 3-8 55 85 77 92 
August 1 0-15 78 96 93 99 
*Adapted from Iowa Agricultural Statistics Reports. 
Late Season 
Discussions about the combined effects of warm temperatures and lack of moisture were prevalent. It 
was obvious that corn with a good root system on good soils with adequate soil moisture was doing the 
best. Concerns also increased regarding abnormal ear development, ear tip fill, and ear drop and stalk 
breakage caused by high winds. Root and stalk rots, European corn borer, and high winds were taking 
their toll on many fields across the state. With the accelerated maturity, concerns regarding early frost 
were essentially nonexistent. By the end of September, 80% of the corn crop was considered mature and 
safe from frost. This compares to 60% at the same time in 1996 and 69% for the 1992 to 1996 average 
(USDA-NASS). 
Corn harvest began in earnest in late September. Warm temperatures and high winds rapidly dried grain 
to less than 20% moisture in many fields. Following several days of unseasonably warm weather in late 
September and early October, reports of com being harvested at less than 16% moisture began to surface. 
In central Iowa, dry grain and fair weather combined to speed harvest at a near record pace. By mid-
October, nearly three-quarters of the com acres in central Iowa had been harvested; statewide, this figure 
approached 50% (USDA-NASS). This compares to only 16% at this same time in 1996 and 27% for the 
1992 to 1996 average. Yield reports as of mid-October hovered around the average level, but given the 
drier harvest moistures, most producers were not too disappointed when realizing Mother Nature had 
taken care of the 1997 crop drying expense. For the acres to be harvested yet this season, the challenge is 
to get the crop out of the field and into the bin before excessive field losses occur. In summary, while 
there can be many similarities shown among growing seasons, the 1997 growing season had marked 
differences that certainly made it unique. 
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